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ABSTRACT: Fish Thunnus albacares were marketed by local fishermen during Febuary 
to November 2011 from Karachi Fish Harbour. The fishes were collected seasonally 
spring (February, March), summer (April, May), Monsoon (August), winter (November) 
for analysis of heavy metals. The highest mean of length (cm) 80.70+0.21 and weight (g) 
4587.50+83.45 was measured in winter season. The highest mean concentration of Fe 
46.93+13.54 µg/g dry wt. and Mn 5.40+3.06µg/g dry wt. was determined in summer and 
spring season. The lowest mean of Fe 20.861+ 5.095 µ/g and Mn 4.80+1.41 µg/g dry wt. 
was recorded in spring and summer seasons also. The maximum level of Zn 29.95+11.41 
µg/g dry wt., Cu 7.08+2.64 µg/g dry wt. and Pb 0.54+0.13 µg/g dry wt., was measured in 
winter season. The lowest mean of Cd 0.15+0.11µg/g dry wt. was determined in spring 
season. The concentration of metals in fish muscles as follows: Fe>Zn>Cu>Mn>Pb>Cd. 
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INTRODUCTION 
 
Karachi is the biggest city of Pakistan and the main sources of pollution in eastern 
part of Karachi are leather, paints, textile, pharmaceuticals, iron, steel, electrical 
appliances, refinery, oil, and electroplating industries and sewage water. In Karachi there 
are more than 65 categories of industrial plants in the established industrial estates 
including, textile industries, tanneries, pharmaceuticals, plastic and rubber industries, 
steel foundries, metallurgical industries, electroplating and metal coating industries, 
glass, ceramics and tiles industries, cement industry, soap and detergents, fish processing 
industries, chemical industries, power plants, fertilizers and pesticides edible oils, 
automobile cable and conductor manufacturing (Shahid, 2010). Heavy metals occur as 
natural constituents of the earth crust, and are persistent environmental contaminants 
because they cannot be degraded or destroyed. They enter the body system through food, 
air, and water and bio-accumulate over a period of time (Lenntech, 2004; UNEP/GPA, 
2004). 
The family Scombridae, Mackerels, Tunas and Bonitos, include some of the world’s 
most popular food and sport fishes. The yellowfin tuna (Thunnus albacares) is a species 
of tuna found in pelagic waters of tropical and subtropical oceans world-wide.Itis highly 
migratory, schooling, and oceanodromous species which is found in depth range between 
1 and 250 m.It achieves a length of 239 cm and maximum weight of 200 kg. It attains a 
maximum age of 8 years and is an oceanic species occurring above and below the 
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thermoclines. They school primarily by size, either in monospecific or multi-species 
groups. Larger fish frequently school with porpoises, also associatedwith floating debris 
and other objects. It is sensitive tolow concentrations of oxygen and therefore is not 
usually caught below 250 m in the tropics. Its peak spawning season is the summer. 
Pakistan has a considerably large tunaindustry which is based on gillnetting operation. 
Pakistani tuna boats operate mainly in offshore Pakistan waters and used to land entire 
catch in wet-salted form for onward export toSri Lanka. These boats, now deliver their 
catch directly or indirectly to tuna canneries in Iran in chilled and frozen form. A small 
quantity of tuna is still landed in wet salted form which is exported to its traditional 
market in Sri Lanka. Total annual tuna production of Pakistan is estimated to be around 
40,000 m tons.  
Recent years have witnessed significant attention to the problems of heavy metals 
contamination which have been broadly studied (Tüzen, 2003; Canli and Atli, 2003; 
Karadede et al., 2004; Ansari et al., 2005; Tuzen and Soylak, 2007; Turkmen et al., 2009; 
Ahmed et al., 2010). Heavy metals discharged into the marine environment can damage 
both marine species diversity and ecosystem due to their toxicity (Turkmen et al., 2009). 
Fish are often at the top of the aquatic food chain and may concentrate large amounts of 
some metals from the water (Mansour and Sidky, 2002). Furthermore, fish is one of the 
most sensitive indicators of trace metals pollution and risk potential of human 
consumption (Cid et al., 2001; Papagiannis et al., 2004; Ashraf, 2005; Lavilla et al., 
2008). In natural life, some trace metals are essential at low levels but toxic at higher 
concentrations. They enter in the human body through food chain causing different 
diseases and damages to the humans (Tüzen, 2003; Tuzen and Soylak, 2007; Yilmaz et 
al., 2007).Fish constitute an important source of protein for many people throughout the 
world, and fish consumption has increased in importance among health-conscious 
Americans because it provides a healthy, low cholesterol source of protein and other 
nutrients. Fish also provide omega-3 (n-3) fatty acids that reduce cholesterol levels and 
the incidence of heart disease, stroke, and preterm delivery (Anderson and Wiener, 
1995; Daviglus et al.,2002; Patterson, 2002). 
The main objective of this study to determine the heavy metals (Fe, Mn, Zn Cu, Pb 
and Cd) concentrations in T. albacares muscles marketed by Karachi Fish Harbour from 
February to November 2011. 
 
MATERIALS & METHODS 
 
Total (32) fishes of T. albacares were marketed by local fishermen during February 
to November 2011 from Karachi Fish Harbour. The fishes were collected seasonally for 
analysis of heavy metals. Sample of fishes were collected seasonally spring (February, 
March), summer (April, May), Monsoon (August), winter (November). Fish samples 
were transported to the laboratory, thawed and rinsed with distilled water to remove 
foreign particles, then length (cm) and weight (g) were determined. The length (L) of the 
fish was measured from the tip of the anterior part of the mouth to the caudal fin in (cm). 
Fish weight was measured after blot drying with a piece of clean towel. From the fresh 
samples were taken total length (TL) in (cm) and body weight (W) in (gm) were 
measured to the nearest 0.1 cm and 0.01 g, respectively. Only the edible tissues were 
used for the analysis and the fresh weight/dry weight ratio was calculated. For analysis of 
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heavy metals (Fe, Mn, Zn Cu, Pb and Cd) remove approximately 5 g dorsal muscles 
ground and calcinated at 500oC for 3 hours until it turned to white or grey ash. 
The ashes were dissolved with 0.1 M HCl according to the method of (Gutierrez et 
al., 1978). After which the dissolved ash residue was filtered with (whatman 45 µm) filter 
paper and 1 ml filtered solution diluted with 25 ml distilled water and make standards for 
elemental analysis. Take 1 ml of the prepared sample and dilute it in 25 ml of distilled 
water start the equipment (Aanalyst 700) and prepare programme (win lab 32) software. 
Three prepare standards from 1000 ppm stock solution to 2 ppm, 4 ppm and 6 ppm 
calibrate the equipment with the above mentioned standards. Aspirate the samples one by 
one to detect the required metals. Analysis of variance (ANOVA) were conducted using 
excel software. The data transformations allowed for adjusting of all the zero values in 
the analytical results prior to the ANOVA test (Zar, 1984). 
 
RESULTS & DISCUSSION 
 
The highest mean of length (cm) 80.70+0.21 and weight (g) 4587.5+83.45 was 
measured in winter seasons (Table 1). The highest mean concentration of Fe 46.93+13.54 
µg/g dry wt. and Mn 5.40+3.06 µg/g dry wt. was determined in summer and spring 
season. Similar findings were found by many researchers (Bat et al., 1996; Agusa et al., 
2005 and 2007; Uluozlu et al., 2007; Bat et al., 2012). ). The lowest mean of Fe 20.861+ 
5.095 µ/g and Mn 4.80+1.41 µg/g dry wt. was recorded in spring and summer seasons. 
Zn also shows high concentrations in all season than other metals of fish. The maximum 
level of Zn 29.95+11.41 µg/g dry wt., Cu 7.08+2.64 µg/g dry wt. and Pb 0.54+0.13 µg/g 
dry wt., was measured in winter season. The lowest mean of Cd 0.15+0.11µg/g dry wt. 
was determined in spring season.The Pb and Cd show in low concentrations compare to 
the other metals (Table 2). The minimum mean of Zn 18.98+4.70 µg/g dry wt. and Cu 
3.18+1.36µg/g dry wt. was determined in monsoon season. 
 
Table 1. Mean+SD of lengths (cm) and weights (gms) of T. albacores collected from 
Karachi fish Harbour during February to November 2011. 
 
Seasons N Length (cm) Mean + SD 
Weight (g) 
Mean + SD 
Spring  
Summer  
Monsoon  
Winter  
08 
08 
08 
08 
79.66+ 0.56 
80.18+0.20 
79.90+0.11 
80.70+0.21 
4237.5+ 118.78 
4275.0+103.51 
4112.5+124.64 
4587.5+83.45 
Total 32 80.11+0.46 4303.13+205.54 
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Table 2. Heavy metal levels in the muscle tissues of T. albacores collected from 
Karachi fish Harbour during February to November 2011 (µg/g dry wt.). 
 
 
Seasons Metals Mean +SD Min-Max 
Spring  
Summer  
Monsoon  
Winter 
 
Fe 
 
20.86+ 5.10 
46.93+13.54 
41.27+5.88 
35.71+10.27 
13.36-31.41 
23.56-72.78 
32.28-52.10 
22.21-50.34 
Spring  
Summer  
Monsoon  
Winter 
 
Mn 
 
5.40+3.06 
4.80+1.41 
5.27+1.34 
4.96+1.44 
2.10-9.98 
3.32-7.74 
2.22-6.41 
2.50-7.35 
Spring  
Summer  
Monsoon  
Winter 
 
Zn 
 
25.57+9.12 
28.52+6.13 
18.98+4.70 
29.95+11.41 
13.48-34.29 
20.69-36.84 
12.64-28.84 
13.49-44.50 
Spring  
Summer  
Monsoon  
Winter 
 
Cu 
 
3.55+1.43 
4.28+2.52 
3.18+1.36 
7.08+2.64 
2.02-5.91 
1.68-9.35 
2.06-6.33 
2.19-9.82 
Spring  
Summer  
Monsoon  
Winter 
 
Pb 
 
0.43+0.15 
0.35+0.12 
0.50+0.14 
0.54+0.13 
0.21-0.56 
0.26-0.62 
0.21-0.64 
0.34-0.80 
Spring  
Summer  
Monsoon  
Winter 
 
Cd 
 
0.15+0.11 
0.30+0.21 
0.33+0.24 
0.26+0.20 
0.02-0.38 
0.04-0.62 
0.14-0.75 
0.06-0.64 
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The statistical results presented that Zn and Fe concentrations were considerably 
higher in the muscle tissues of T. albacores than other metals (P<0.05) and that there was 
a statistically significant difference between the concentrations of the metals among 
seasons. Heavy metal concentration (µg/g. dry wt.) in muscles of T. albacares during 
different seasons shows in (Figure 1). According to Kotze et al. (1999) among the 
different organs of fishes, the muscles are a primary part of metal intake and availability 
of the metals in muscles reflect the metal concentration in waters. Yellow fin tuna is a 
cosmopolitan species distributed mainly in the tropical and subtropical oceanic waters of 
the three major oceans and its intermediate age are seldom taken in the industrial 
fisheries, but are abundant in some artisanal fisheries, mainly in the Arabian Sea. 
 
 
 
Fig. 1: Heavy metal concentration (µg/g.dry wt) in muscles of T. albacares collected 
from Karachi fish Harbour during February to November 2011. 
 
Fish is a significant food of the human diet. It represents an important source of 
protein and the ɷ-3 long-chain polyunsaturated fatty acids that have been shown to have 
positive effects on normal growth where they reduce cholesterol levels and the incidence 
of heart disease. Yellow fin tuna are pelagic fish that  
inhabit the mixed surface layer of the ocean above the thermocline and may venture 
well inshore of the continental shelf when water temperature and clarity are suitable and 
food is abundant. They prey on smaller fish, pelagic crustaceans and squid. Kojadinovic 
et al., (2007) pointed out that pelagic fish are high performance fish with very high 
metabolic rates, and consequently high food intake rates, a property that accentuates the 
exposure to heavy metals. 
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Generally, fish in this study accumulated essential metals in muscles in higher levels 
than nonessential metals. However no maxima have been specified for essential metals in 
EU Commission Regulation. All results for essential metals were below the maximum 
limits for fish consumption proposed by FAO (1976) and MAFF (1995), whereas, fish 
exceeded the maximum limits approved by EC (2001 and 2006) (Table 3). The maxima 
for Pb and Cd are 0.30 and0.05 mg/kg wet wt., respectively. Both non-essential metals Pb 
(0.21- 0.80 µg/g dry wt.) and Cd (0.02-0.75 µg/g dry wt.) were higher than those of 
guidelines. It should be noted that the metal levels of Commission Regulation were given 
as mg/kg wet wt. concentrations converted to wet wt. dividing by 5.5 as factor. Mean Pb 
and Cd converted as 0.08±0.02 and 0.047±0.037 µg/g wet wt. were below the EU 
Commission Regulation (2001 and 2006). 
To balance the benefits of fish and the negative consequences of metals especially 
nonessential, a limitation on the number of fish portions consumed per week has been 
suggested. Therefore, it is important to estimate the weekly intake of metals from fish and 
compare it with the Provisional Tolerable Weekly Intake (PTWI) values set by 
international organizations for health safety. In a recent report, the Joint FAO/WHO 
(2010) Expert Committee on Food Additives and Contaminants (JECFA) confirmed that 
for an average adult (70 kg), Provisional Tolerable Weekly Intake (PTWI) for Pb and Cd 
are 0.025 and 0.007 mg/kg, respectively and that this level should not be exceeded. This 
can be obtained by multiplying the average quantity of fish consumed per Pakistan 
individual per week by the concentration of each metal in fish muscles. The average daily 
fish consumption in Pakistan is 5 g per person (FAO, 2010). This is equivalent to 35 
g/week. The maximum Pb and Cd levels in T. albacares of weekly intake per person 
from Karachi Harbour calculated as 0.0051 and 0.0048 µg/g wet wt., respectively. 
Weekly intake of these metals showed that in case of regular consumption there was no 
harmful effect on general public health from the consumption of T. albacores of Karachi 
Harbour. 
 
Table 3. The tolerable values of measured metals in the fish (mg/kg wet wt.). 
 
Standards Cd Pb Cu Zn 
MAFF (1995)The 
Food Safety (Fish 
Product) 
<0.2 2.0 20 50 
EC (2001) The 
Commission 
Regulation  
0.05 0.2 -- -- 
EC (2006) The 
Commission 
Regulation  
0.05 0.3 -- -- 
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Although it is well understood that fish muscle is not an active tissue in 
accumulating heavy metals, this study is concerned in heavy metal levels in the fish 
muscles because they are the most consumed portion by the people. These levels may be 
exceed acceptable levels in the muscle of the fish samples, for this reason, determination 
of heavy metals in fish muscles should be monitored regularly. 
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